Abstract. Side population (SP) cells may play a crucial role in tumorigenesis and the recurrence of cancer. Many types of cell lines and tissues have demonstrated the presence of SP cells, including colon cancer cell lines. This study aimed to identify cancer stem cells (CSCs) in the SP of the colon cancer cell line SW480. SP cells were isolated by fluorescence-activated cell sorting (FACS), followed by serum-free medium (SFM) culture. The self-renewal, differentiated progeny, clone formation, proliferation, invasion ability, cell cycle, chemosensitivity and tumorigenic properties in SP and non-SP (NSP) cells were investigated through in vitro culture and in vivo serial transplantation. The expression profiles of ATP-binding cassette (ABC) protein transporters and stem cell-related genes were examined by RT-PCR and western blot analysis. The human colon cancer cell lines SW480, Lovo and HCT116 contain 1.1±0.10, 0.93±0.11 and 1.33±0.05% SP cells, respectively. Flow cytometry analysis revealed that SP cells could differentiate into SP and NSP cells. SP cells had a higher proliferation potency and CFE than NSP cells. Compared to NSP cells, SP cells were also more resistant to CDDP and 5-FU, and were more invasive and displayed increased tumorigenic ability. Moreover, SP cells showed higher mRNA and protein expression of ABCG2, MDR1, OCT-4, NANOG, SOX-2, CD44 and CD133. SP cells isolated from human colon cancer cell lines harbor CSC properties that may be related to the invasive potential and therapeutic resistance of colon cancer.
Introduction
Colorectal cancer (CRC) is the third most commonly diagnosed cancer in males and the second in females, with over 1.2 million new cancer cases and 608,700 deaths estimated to have occurred in 2008 (1) . It is the second most common cancer in most western countries (2) . In China, CRC remains the fifth most common cancer type and the fourth most common cause of cancer-related death (3). Moreover, the incidence of CRC is increasing rapidly in recent years in China (4) . Despite the significant improvements made in clinical therapy in recent years, most patients still die of this disease as a result of chemotherapeutic resistance, recurrence and metastasis. The molecular basis for these characteristics of CRC is incompletely understood. Therefore, it is of great importance to understand the biological mechanism of carcinogenesis, proliferation, invasion and metastasis and thus developing new treatment strategies and markers predictive of metastasis. Increasing evidence suggests that stem cells may play a decisive role in the progression and metastasis of CRC. Cancer stem cells (CSCs), or cancer-initiating cells (CIC) are cells that possess the ability to self-renew and differentiate into different mature cells. At an American Association of Cancer Research (AACR) workshop, cancer stem cells have been defined as 'cells within a tumor that possess the capacity for self-renewal and that can cause the heterogeneous lineages of cancer cells that constitute the tumor' (5) . Hypothetically, CSCs are not only the source of the tumor itself but form the basis for tumor progression, metastasis, resistance to therapy and subsequent tumor recurrence (6) .
Recently, mounting studies have revealed the existence of CSC in solid tumors as well as in haematopoietic malignancies, including the CRC (7) (8) (9) . It is believed to be responsible for tumour initiation, growth and metastasis (5) .
Side population (SP) cells, first described by Goodell et al (10) in 1996, are a small subpopulation of cells with enriched stem cell activity and a distinctive expression profile of ATP-binding cassette (ABC) transporters, composed of unstained cells in the left lower quadrant of a flow activated cell sorter (FACS) profile. These cells are refractory to Hoechst 33342 dye-staining due to the ABCG2 (BCRP1) transporter (11) , and are resistant to certain drugs due to other ABC transporters (12) . Recently, SP cells were detected in brain tumor (11, 12) nasopharyngeal carcinoma (13) , oral cancer (14, 15) , esophageal carcinoma (16) , gastric cancer (17) (18) (19) (20) (21) , hepatocellular carcinoma (22, 23) , pancreatic cancer (24, 25) , lung cancer (26) (27) (28) , breast cancer (29, 30) , ovarian cancer (31, 32) and prostate (32, 33) , and have been suggested to be a source of cancer stem cells. However, there have been few studies directly comparing SP and non-SP (NSP) in CRC and yielding inconsistent results (17, 34, 35) . The exact nature of SP cells in CRC has yet to be elucidated. So it is need further study to confirm the role of SP cells in CRC and to have a better understanding of the involvement of SP in CRC.
The present study was undertaken to identify, characterize and enrich the CSC population that drives and maintains colon cancer growth and metastasis. We reported that SP cells isolated from CRC cell line exhibited higher proliferation, invasion ability, slow cell cycle, self-renewal, higher clonogenicity and tumorigenicity, heightened multidrug resistance and increased expression of ABC transporters compared with NSP cells. Furthermore, 'stemness' related genes SOX-2, OCT-4 and NANOG were upregulated in SP cells.
Materials and methods
Cell culture. Human colon cell lines Lovo, HCT-116 and SW480 were obtained from the Basic Research Institute, Chongqing Medical University (CMU, Chongqing, China) and was separately maintained in Royal Park Memorial Institute (RPMI)-1640 (Invitrogen, Carlsbad, CA, USA) supplemented with 10% (0.1 g/ml) fetal bovine serum (FBS), 100 U/ml penicillin G and 100 µg/ml streptomycin. Both kinds of cells were maintained at 37˚C in a humidified 5% CO 2 incubator.
Detection and sorting of SP cells by FCM. Cells were digested with 0.25% trypsin-EDTA and then centrifuged for 5 min at 1,000 rpm. The cells were subsequently suspended in phosphate-buffered saline (PBS) containing 5% FBS, then stained with Hoechst 33342 (Sigma Chemical, St. Louis, MO, USA) at a concentration of 5 µg/ml, and incubated for 90 min at 37˚C either alone or with 100 µM µg/ml verapamil (Sigma Chemical). During the incubation, the cells were shaken every 10 min. A second round of centrifuging was performed for 5 min at 1,000 rpm, then the cells were suspended in PBS with 5% FBS at a concentration of 1x10 7 cells/ml. The solution was poured through a 400-mesh screen filter and then stored in the dark at 4˚C. Next, samples were dyed with 1 µg/ml propidium iodide (PI, Sigma Chemical) for 5 min to remove the dead cells. The remaining cells were sorted using a flow cytometer (Becton-Dickinson, Mountain View, CA, USA). The Hoechst 33342 dye was excited at 355 nm and its dual-wavelength fluorescence was analyzed (blue, 450 nm; red, 675 nm). We collected both SP and NSP cells in SW480 to evaluate sorting purity and conduct further experiments.
Sphere formation assays in serum-free medium (SFM) culture. The SP and NSP cells from SW480 were cultured in serumfree DMEM/F12 medium (Invitrogen-Life Technologies), supplemented with 20 ng/ml epidermal growth factor (EGF), 10 ng/ml basic fibroblast growth factor (bFGF), 5 mg/ml insulin (all from Sigma). Cells (1,000/well) were plated in 96-well culture dishes in 200 ml of growth medium and 20 ml of medium per well was added every 2 days. The number of spheres for each well was evaluated after 7 days of culture. The growth state of the cells in 6-well plates was observed under a microscope.
Appraisal of self-renewal capacity. After centrifuging, the SP cells and NSP cells were resuspended in RPMI-1640 medium containing 10% FBS for 1 week of routine culture. After this time, the SP sorting method was applied to the two groups to re-evaluate the proportion of SP cells present in the culture.
Clone formation assays. SP and NSP cells were counted and plated in 6-well plates at 250 cells per well in triplicate after sorting, and then cultured in RPMI-1640 with 10% FBS for 10-14 days. When most cell clones reached more than 50 cells, they were washed twice with PBS, fixed in methanol for 15 min, and stained with crystal violet dye for 15 min at room temperature. The number of colonies containing more than 50 cells was counted. The colony formation efficiency (CFE) was calculated via colony number/seeding cell number x 100%, and the results compared.
Proliferation assay. Fresh sorted SP and NSP cells of SW480 were grown in 96-well plates, and the relative cell number was determined using the Cell Counting Kit-8 (CCK-8, Dojindo, Kumamoto, Japan) according to the manufacturer's protocol. Briefly, 10 µl of CCK-8 dye was added to each well; and the plate was incubated for 2 h at 37˚C. The optical density (OD) value was then measured at 450 nm using a microplate reader (Model 680, Bio-Rad, Hercules, CA, USA).
Matrigel invasion assay.
Freshly sorted cells (1x10 5 ) were plated in Transwell inserts precoated with Matrigel (BD Biosciences, Franklin Lakes, NJ, USA) and incubated with serum-free RPMI-1640 medium. The lower well was filled with the same medium containing 20% FBS. After 24 h of incubation, invasive cells that were attached to the bottom side of the filter were fixed with 95% ethanol and stained with trypan blue, then counted in the upper, middle, lower, left and right visual fields of the membranes at a magnification, x200. The average value for the 5 fields was considered as the number of invasive cells.
Tumor formation in an animal model. Six-to eight-week-old non-obese diabetic (NOD)/severe combined immunodeficient female mice (SCID) were purchased from the Laboratory Animal Center of the Chongqing Medical University and were housed under pathogen-free condi tions in the barrier animal facility. All experiments were approved by the Animal Ethics Committee of CMU. Freshly sorted SP and NSP cells (1x10 4 , 5x10 4 , 1x10 5 , 5x10 5 ) suspended in 200 µl PBS were inoculated subcutaneously into the left or right flank of NOD/ SCID mice (3 mice per group). Tumor growth was monitored on weekly basis and individual tumor volumes were measured using a digital caliper and approximated according to the formula V = 1/2ab 2 (a being the long diameter and b the short diameter of the tumor). At the end of experiments, mice were sacrificed after 4 or 8 weeks and tumors harvested, measured and photographed. A portion of the subcutaneous tumor tissue was collected, fixed in 10% formaldehyde, and embedded in paraffin for H&E staining to assess tumor pathology.
Drug sensitivity assay. A total of 2x10 3 freshly sorted SP or NSP SW480 cells were seeded in 96-well plates with appropriate growth medium at 200 µl per well. After a 12-h recovery period, triplicate wells were exposed to 5-fluorouracil (5-FU, 50 µg/ml) and cisplatin (CDDP, 10 µg/ml) for 72 h. The effects on cell growth were examined by the MTT assay as described previously. The mean and standard deviation of absorbance at OD450 were then calculated. The cell survival rate (SR) was calculated using the formula: SR = (mean absorbance of the test well/mean absorbance of the control) x 100%.
Cell cycle analysis. After some of the sorted cells were cultured for several days (<1 week), we harvested 1x10 6 cells for cell cycle analysis. The cell suspension was washed twice with PBS and fixed dropwise with 2 ml of 70% ice-cold ethanol for 18 h or more at 4˚C. The cells were washed twice with PBS, RNase was added at a final concentration of 20 µg/ml to avoid staining the RNA, and the cells were incubated at 37˚C for 30 min. The cells were washed once with PBS, propidium iodide (PI, Sigma Chemical) was added at a final concentration of 15 µmol/l, and after 5 min, they were analyzed by flow cytometry.
Quantitative real-time reverse transcription polymerase chain reaction (RT-PCR) assay.
Total cell RNA was extracted with TRIzol reagent (Invitrogen) from fresh sorted SP and NSP cells. The integrity and purification of RNA samples were monitored by agarose gel electrophoresis. The concentration of RNA was determined by repeated OD measurements of aliquots at a wavelength of 260 nm. Reverse transcription (RT) reactions were performed using 2 mg of total cellular RNA with a PrimeScript RT reagent kit to detect the target genes. Real-time PCR was done with SYBR-Green qPCR master mix (Takara, Dalian, China) according to the manufacturer's instructions on the ABI Prism 7500 Sequence Detection System (Applied Biosystems, Foster City, CA, USA). Thermal cycler conditions were as follows: initial incubation at 95˚C for 10 min, then 35 cycles alternating in turn with 95˚C for 10 sec, 60˚C for 20 sec and 72˚C for 15 sec, and then maintained at 72˚C for 10 min. PCR products were resolved on 1% agarose gels and visualized by ethidium bromide staining. Human glyceraldehyde-3-phosphate dehydrogenase (GAPDH) served as an internal control for cDNA synthesis. mRNA expression levels were normalized relative to GAPDH and expressed as a fold of relative intensity. The reaction for each sample was done in triplicate.
Western blot analysis. For western blot analyses, protein was harvested from cells plated to 70 to 80% confluence. SP cells or NSP cells were lysed directly in lysis buffer to collect whole cell extracts. Protein samples for western blot analysis were prepared by boiling after the addi tion of denaturing sample buffer. Then, proteins were separated using 10% (0.1 g/ml) sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) on an 8 or 15% gel, transferred onto polyvinylidene difluoride (PVDF) membranes. Membranes were incubated at 4˚C overnight with primary antibody, then with anti-β-actin antibody (Sigma) as a loading control, and subsequently incubated with horseradish peroxidase (HRP)-conjugated secondary antibodies for 1 h at room temperature. Finally, protein bands were visualized using chemiluminescence (ECL) (Santa Cruz Biotechnology, Santa Cruz, CA, USA) exposure on BioMax film (Kodak). Signal intensity was determined by Quantity One software.
Statistical analysis. All experiments were repeated at least three times and representative results are presented. All values in the figures and text are the means ± SD. Statistical analyses were performed using the statistical software package SPSS 17.0. Any significant differences among mean values were evaluated by the Student's t-test. A two-sided p<0.05 was considered to indicate a statistically significant difference.
Results

Colon cancer cells containing SP cells.
To investigate whether human colon cancer cell lines contain a fraction of SP cells, several cell lines were stained with Hoechst 33342 and analyzed using flow cytometry. Hoechst 33342 is a dye that is actively extruded by SP cells via a verapamil-sensitive ABC transporter. Human colon cancer cell lines SW480, Lovo, and HCT116 contain 1.1±0.10, 0.93±0.11 and 1.33±0.05% SP cells, respectively (Fig. 1) . When cells were preincubated with verapamil, the percentage of SP cells dropped dramatically to approximately 0% in all three cell lines tested (Fig. 1A) .
Spheres formed in serum-free media (SFM).
To determine whether the SW480 SP cells have similar CSC associated properties, we first cultured purified SP and NSP cells in serum-free condition. We observed that the SW480 SP cells formed typical floating spheres with an efficiency of 4.5±0.1% (Fig. 1B) , whereas the NSP cells mostly showed adherent growth pattern (Fig. 1C) with much lower sphere-forming capacity (0.8±0.3%).
SP regenerates both SP and NSP.
To compare the repopulation ability of colon cancer SP cells with NSP cells, we cultured the sorted SP and NSP cells separately under the same culture condition for one week before they were restained with Hoechst 33342 dye and re-analyzed. Both fractions were viable in culture, but the SP cells generated both an SP (1.3%) and an NSP with a fraction size comparable with the original population, whereas the NSP cells produced mainly NSP cells (Fig. 2) . It indicated that SP cells can differentiate into NSP cells, but NSP cannot differentiate into SP cells. These findings show that SP cells may undergo asymmetrical division to self-renew.
Proliferation and colony formation were enhanced in colon cancer SP cells. To evaluate the proliferation ability of colon cancer SP cells, we performed an MTT analysis. The growth and survival of SP cells and NSP cells were measured in complete medium. A significant increase in cell proliferation in SP cells was observed over a 3-day period (p<0.05, Fig. 3A) .
Colony formation assay was done and the colonies were cultured after 10-14 days; colony numbers were counted when cultures reached 50 cells or greater. We found that the CFEs of SP cells and NSP cells in SW480 were 86.33±1.52 and 35.0±2.0%, respectively. This result showed that SP cells had a much higher ability to form colonies than NSP cells (p<0.05, Fig. 3B and C) .
SP cells display increased invasiveness.
To investigate possible differences in invasiveness between SP and NSP, an in vitro Matrigel invasion assay was done on sorted cells of SW480 cell line. It showed that SP cells of SW480 are all significantly more invasive than the NSP cells (p<0.05, Fig. 3D and E) . (Fig. 4B) . Re-analysis of SP-derived tumors by flow cytometry showed that, similar to SP cultured in vitro, SP cells under in vivo conditions also have the capacity to regenerate the SP and NSP fractions (data not shown).
SP cells were resistant to conventional chemotherapy.
The chemoresistant ability of SP cells has been reported to depend mainly on ABC transporters. To determine whether SP cells resist ABC transporter-independent anticancer drugs more than NSP cells do, we tested cisplatin (CDDP) and 5-fluorouracil (5-FU) because they are generally used for the treatment of CRC (Fig. 5A) . SP cells were more chemoresistant than NSP cells, especially to 5-FU, exhibiting a cell SR of 78.5±5.4% after 48-h incubation, compared to 45.4±0.9% in NSP cells (p<0.05). These data suggest that SP cells may be more resistant to chemotherapeutic drugs generally than NSP cells. genes, including ABCG2, MDR1, OCT-4, NANOG, SOX-2, CD133 and CD44 using quantitative real-time RT-PCR. Results showed that all the seven genes, especially ABCG2 and CD44 genes, showed higher levels of mRNA in SP cells than in NSP cells (Fig. 6A) . We also analyzed protein expression of stemness-related genes using western blot analysis, which showed that all the seven proteins, especially ABCG2 and CD44 proteins showed higher levels in SP cells (Fig. 6B) . This was consistent with the results of the mRNA expression of stemness-related genes. The significant difference not only in the mRNA level but also in the protein level indicated that SP cells possessed stem cell phenotypic characteristics.
Discussion
In the present study, we demonstrated the presence of an SP fraction in Lovo, HCT-116, SW480, colon cancer cell lines. We found both in vitro and in vivo evidence for the ability of the SP to regenerate a population of cells comprised of both SP and NSP, suggesting that SP cells have the properties of CSC, such as proliferation, self-renewal, multipotent differentiation, relative quiescence and a capacity for in vivo tumorigenesis, resistance to chemotherapeutic agents and apoptosis. We consistently observed differences between SP and NSP cells, in terms of proliferation and division, survival, gene expression and the ability to form tumor masses. Cumulatively, these results support previous findings (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) that the majority of SP cells in tumors exhibit stem cell characteristics.
CSCs can be identified and isolated by means of four main methodologies: isolation by flow cytometry according to CSC-specific cell surface markers, such as Musasai-1, Lgr5, EpCAM (ESA), CD24, CD44, CD133, CD166; detection of side population (SP) phenotypes by Hoechst 33342 exclusion in vitro; determination of ability to grow as floating spheres cultured in non-adherent condition in serum-free medium (SFM) supplemented with basic fibroblast growth factor (bFGF) and epidermal growth factor (EGF); and assessment of aldehyde dehydrogenase (ALDH) activity.
In this study, we sorted SP cells from the colon carcinoma cell line SW480 with FACS. The percentage of SP was 1.2±0.10%, slightly higher than previously reported by Haraguchi et al (0.3-0.7%) (17) , who identified different proportions of SP cells isolated from 6 colon cancer cell strains. These differences may be due to the different cell lineage (or tissue source), the effects of tissue dissociation in the preparation of single cell suspensions, cell counting, Hoechst concentration, the incubation time after Hoechst 33342 staining and SP gate selection. Most authors consider that SP is an enriched source of stem cells as well as an alternative source that is particularly useful in situation where stem cell molecular markers are unknown. However, some studies have indicated that there was no significant association between the SP fraction and CSCs. Triel et al (36) demonstrated that cells found within SP did not express stem cells markers. Morita et al (37) have demonstrated that hematopoietic stem cells are present in the NSP compartment. Patrawala et al (32) reported that glioma cell lines which expressed ABCG2, an ATP-binding cassette half-transporter that is associated with SP cells, had a similar tumorigenicity as ABCG2-negative cells. Burkert et al (34) also reported that among four colon cancer cell lines examined, SP and NSP cells were similarly clonogenic in vitro and tumorigenic in vivo and displayed equivalent multipotential differentiation potential. They also showed that SP and NSP populations are interconvertible, each giving rise to the other in culture. Takaishi et al (49) found in their study that both the SP and NSP cells of gastric cancer MKN-45 cells produced spheroid colonies as well as gastric and skin tumors in SCID mice. There was no significant difference between the groups, indicating that CSCs did not specifically reside within the SP fraction. Zhang et al (21) also reported that SP cells from MKN-45 showed higher tumorigenesis tendency than NSP cells, but SP cells from BGC-823 showed the same tendency as NSP cells revealing that SP cells from BGC-823 did not possess cancer stem cell properties and proved that not all SP cells contain cancer stem-like cells in gastric cancer cell lines. The different cell lineage, tumor histotype, method of isolation (enzymatic or mechanical disaggregation) may account for the phenomena.
Our study also showed that SP cells had a higher ratio of G0/G1 phase compared to NSP cells; the ratio of S phase in SP cells was lower than in NSP cells. It suggested that the SP cell present relative quiescence. This is consistent with the concept that stem cells are mostly in the quiescent state (38) . Behbod et al (39) reported that cell cycle repressive genes have been reported to be upregulated in SP. It suggests that SP cells will arrest at a particular phase of the cell cycle. Indeed, G0/G1 cell cycle arrest has been reported within the SP (39) , which supports the relationship between SP and stem cells, which are both believed to be slow cycling cells (40) that reside in a quiescent state (41) . Given that cancer stem cells are mostly quiescent cells, they will probably survive therapy, reconstitute the tumor, and subsequently become responsible for resistance to cancer therapy (41, 42) . It has been reported that chemotherapeutic resistance might be associated with CSC. The ATP-binding cassette (ABC) transporters represent a family of proteins with the capacity to bind ATP as an energy source to transport endogenous or exogenous molecules across the cellular membrane. Various types of ABC transporters, including proteins encoded by multidrug-resistance gene 1 (MDR1, ABCB1 or P-glycoprotein), multidrug resistance-associated protein 1 (MRP1), as well as ABCG2 (BCRP1), have been described. The ABCG2 (BCRP1) gene, a significant marker for Hoechst dye-extruding stem cells, was first isolated from human tumor cell lines, in which it was involved in drug resistance (43) . Several studies indicate that the ABCG2 transporter is highly associated with the SP phenotype in various cells (12) . Therefore, ABCG2 is a useful marker for positive selection of several types of cancer stem-like cells (44, 32) . MDR1 is the best-studied member of the ABC transporter superfamily of genes (45) . In this study, we show that the expression level of ABCG2 and MDR1 was higher in SP than in NSP cells as determined by RT-PCR and western blot analysis, which contributes to the chemotherapeutic resistance of SP cells, and thus may be a target for cancer therapy. It is consistent with previous studies (17, 19, 21, 26, 27, 28) .
In the present study, the expression of stem cell markers in isolated SP cells was explored. The transcription factors OCT-4, NANOG and SOX-2, identified as core regulators, collaborate to form a regulatory network consisting of auto-regulatory and feed forward loops, that maintain the self-renewal and pluripotency of embryonic stem cells and germ cells (46) . These factors are overexpressed in various cancers and are associated with malignant progression and poor prognosis, suggesting that the core regulators that govern normal stem cell self-renewal may also maintain the stem-like properties of CSCs in cancers.
Our study showed that the expression of stemness-related genes OCT-4, NANOG and SOX-2, in SP cells was higher that in NSP cells, which is similar to previous studies reported in other tumors (19, 21, 26, 27) . We may infer that SP cells of colon cells contained CSCs based on the above results.
CD44 is well known as an adhesion molecule and membrane receptor for hyaluronan, and is involved in cellular adhesion, cell-matrix interactions and signal transmission, cell motility and metastases (47, 48) . The gene encoding CD44 generates a variety of isoforms by alternative splicing, which predominantly affects the extracellular membrane-proximal structure of CD44 proteins. Human CD133 (also known as AC133 and prominin-1) is an 865 amino acid protein, was first discovered as a cell surface marker for hematopoietic stem cells (50) . CD133 positive cancer stem cells have a capacity for unlimited self-renewal, as well as the ability to initiate and drive tumor progression in an animal model. Membrane antigen CD133 has been found in hematopoietic, brain, lung, prostate and colon CSC, and also exists in normal stem cells of different lineages.
Although some groups have isolated colon CSCs using the CD133 or CD44 markers, their specificity however remains unclear, none of them have been generally accepted. For example, Ricci-Vitiani et al (7) and O'Brien et al (8) reported that CD133
+ cells from fresh CRC tissues could initiate xenograft tumors in immunosuppressed mice, but Shmelkov et al (51) reported that CD133 expression is not restricted to stem cells, and both CD133 + and CD133 -metastatic colon cancer cells initiate tumors. Meng et al (52) also demonstrated that both the CD133 + and CD133 -lung cancer cells contain similar numbers of CSCs, thus CD133 alone could not be used as a cell marker for lung CSCs. Detailed mechanism of this phenomenon still remain unclear, one possibility is that CSCs potentially comprised within established cell lines express markers that differ from those expressed by CSCs in vivo. Also, the absence of a three-dimensional architecture in conventional monolayers may account for different surface molecule expression profiles. Thirdly, marker expression is highly dependent on the cell line used (freshly isolated tumor sample, primary cell line, established cell line) and on the extent of passaging in vitro or in vivo. In addition, marker expression differs between tumor histotype and may depend on method of isolation (enzymatic or mechanical disaggregation) since proteolytic cleavage of surface proteins can alter marker-dependent isolation.
Our study showed that the expression of CD44 and CD133 in SP cells was higher than in NSP cells. These findings suggest that CD44 and CD133 may be useful molecular markers for colon CSC, but more relevant research is needed for confirmation.
In conclusion, we isolated SP cells from colon cancer cell line by Hoechst staining and flow cytometry, followed by SFM selection. Our in vitro and in vivo experiments demonstrated that SP cells possessed the well-known CSC characteristics of self-renewal, high proliferative capacity, clonogenicity, slow cell cycle, tumorigenicity and chemotherapy resistance. These findings may provide new insights for future CSC research and new targets for anticancer therapy. 
